Abstract. Major histocompatibility complex class I-related chain A and B (MICA/B) are two stress-inducible ligands that bind to the immunoreceptor NKG2D and play an important role in mediating cytotoxicity of NK and T cells. Release of MIC molecules from the cell surface is thought to constitute an immune escape mechanism of tumor cells and thus could be associated with more aggressive course of tumor growth. In this study, we investigated the expression of MICA/B in ductal pancreatic carcinoma and serum in relation to tumor stage, differentiation and survival. MICA/B expression in tumor tissues and sera from patients with pancreatic cancer were analyzed by immunohistochemical staining (IHC), western blotting and ELISA, respectively. MICA/B expression was present in 17 of 22 (77%) of the tumors but not in normal pancreatic ductal epithelial cells. Poorly differentiated tumors showed more pronounced MICA/B expression compared to differentiated tumors, but did not correlate significantly to other tumor characteristics. MICA/B-negative tumors displayed significantly lower incidence of lymph node metastases (p<0.01), and less mortality within 3 years following resection (p<0.02). In conclusion, tissue levels of MICA/B expression were elevated in pancreatic cancer cells without elevated levels in serum, despite well-recognized acute phase reactants in serum. Poorly differentiated tumors showed high MICA/B expression, which was related to extended tumor lymph node metastases and less frequent long-term survival.
Introduction
Pancreatic cancer is a disease with poor prognosis and still overall 5-year survival rate of <20% (1) without any substantial treatment improvement during the past 30 years. This is in contrast to many other tumor diseases where earlier diagnosis and significant adjuvant treatment usually improved survival (2) (3) (4) . Pancreatic carcinomas are virtually resistant to radiotherapy as well as chemotherapy, and surgery remains the only option for cure (1, 5, 6) . Therefore, alternative treatment strategies are highly needed and immunomodulatory methods among others are in focus. However, to optimize immunotherapy of pancreatic carcinoma a further understanding of mechanisms behind tumor-host interactions are required (7) (8) (9) .
MICA is a glycosylated, polymorphic and membrane anchored non-classical MHC class I molecule. It is a stress induced protein normally expressed in intestinal epithelial cells only, but found to be broadly expressed in a variety of malignant tumors as melanoma, breast, colon and hepatocellular cancers (10) (11) (12) . It functions as a ligand for the NKG2D receptor, which is an important immunoreceptor on NK cells, CD 8 and γδ T-cells. The molecule can be cleaved by matrix metalloproteinases and ADAM proteinase, and may then be released into the blood stream or tissue culture medium as a soluble molecule (sMICA) (13) (14) (15) . Accordingly, it has been suggested that high levels of sMIC in serum from patients with certain gastrointestinal malignancies can cause systemic downregulation of NKG2D surface expression on CD8 αβ T cells and NK cells, which may impair lysis of tumor cells (11, 16) . Therefore, our present aim was to analyze MICA/B expression in pancreatic tumor tissue and serum associated to tumor stage.
Materials and methods
Patient material, tumor specimens and blood samples. The use of specimens from human subjects was approved by the Institutional Review Board of Lithuanian University of Medical Sciences (Kaunas, Lithuania) and the regional ethics board in Gothenburg (Sweden). Pancreatic cancer tissue samples used in IHC and western blot analyses were derived from the surgical specimens removed from 22 patients undergoing pancreatoduodenal resections for pancreatic cancer at Department of Surgery at the Hospital of Lithuanian University of Medical Sciences (Kaunas, Lithuania). Six specimens of normal pancreas tissues were collected from liver and/ or kidney organ donors. All tissue samples were snap-frozen in liquid nitrogen and stored at -80˚C until analysis. Paraffinembedded tissue blocks from the same patients were obtained from the Department of Pathology and used to assess tumor differentiation and stage of the pancreatic adenocarcinomas according to TNM classification by certified independent pathologists. Blood samples were collected from 13 individuals with pancreatic ductal adenocarcinoma undergoing surgery at Sahlgrenska University Hospital (Gothenburg, Sweden). Pancreatic cancer tissue as well as non-tumor pancreatic tissue from the same patients were also collected. Tissues were put in RNAlater solution and stored at -20˚C until analysis. Tissue samples from 4 of the 13 patients were used in the Western blot analysis. Serum from 10 healthy blood donors was collected as controls (although such individuals are younger than the average cancer-patients they are systematically screened for abnormalities). Serum samples were centrifuged, aliquoted, and stored at -80˚C until analysis of sMICA using a sandwich ELISA as described below. Patient characteristics are given in Table I .
Immunohistochemical (IHC) analysis.
Frozen pancreatic tissue sections (5-7-µm) were air-dried and fixed in a mixture of ice-cold acetone and 10% formaldehyde for 5 min at -20˚C. Tissue sections were stained with an anti-MICA/B (H-300) rabbit polyclonal antibodies in 1:200 dilution (Santa Cruz Biotechnology, Inc., Santa Cruz, CA, USA) as previously described (17) . Rabbit IgG in an equivalent concentration was used as a negative control employing a similar immunohistochemical staining procedure. Two investigators graded MICA/B expression in a blinded fashion. Negative MICA/B expression was graded as no MICA/B signal (-). MICA/Bpositive tumors were defined as having weak (+), moderate (++) or strong (+++) MICA/B signal.
Western blot analysis. Freshly frozen or RNAlater treated pancreatic tumor tissue was homogenized with a rotor-stator homogenizer to five times the tissue weight of RIPA buffer (50 mM Tris-HCl at pH 8.0, 0.1% sodium dodecyl sulfate, 1% Nonidet P-40, 150 mM NaCl and 0.5% deoxycholic acid) with complete protease inhibitors added (Roche Diagnostics Gmbh, Germany). Homogenates were then centrifuged at 10,000 g for 10 min. Protein concentrations were determined with Bradford Coomassie assay (Bio-Rad Laboratories Inc., Hercules, CA, USA). Next 30 µg total protein of each sample was separated by electrophoresis in 4-12% Bis-Tris sodium dodecyl sulfate-polyacrylamide gels (Invitrogen, Carlsbad, CA, USA) at 200 V for 50 min and transferred to 0.2 µM PVDF membranes (Bio-Rad Laboratories). After blocking in 10% non-fat dry milk, membranes were incubated overnight at 4˚C with a rabbit polyclonal anti-MICA/B (sc-20931, Santa Cruz Biotechnology) 1:600 dilution in 3% dry milk. Membranes were incubated for 1 h at room temperature with peroxidase labeled anti-rabbit IgG as secondary antibody (GE Healthcare). Immunocomplexes were visualized using the Amersham Hyperfilm ECL Western blotting analysis system (GE Healthcare). The film was scanned in a GS-710 calibrated densitometer (Bio-Rad Laboratories) and quantified using Quantity One software. The optical density was measured and expressed in arbitrary units. Two lanes on each gel were loaded with Magic Mark XP protein standard (Invitrogen Inc.). The average density of a standard band was used to normalize signal intensity between the blots.
Protein digestion and identification by LC-MS/MS.
Proteins were electrophoretically separated as described for western blots and thereafter Coomassie stained. The protein gel band was excised, washed and dried prior to digestion with trypsin (50 mM NH 4 HCO 3 , 10 ng/µl trypsin) at 37˚C overnight. Peptides were extracted, dried and reconstituted in 0.2% HCOOH. The sample was analyzed with nanoflow LC-MS/MS using a column packed in-house with 3 µm Reprosil-Pur C 18 -AQ particles connected to an LTQ-Orbitrap XL. An acetonitrile gradient in 0.2% HCOOH was used for separation of the peptides.
The LTQ-Orbitrap was operated in a data-dependent mode, switching between one MS1 FTMS scan precursor ions scan followed by CID (collision induced dissociation) fragmentation (MS/MS) of the six most intense, protonated ions in each FTMS scan. All the tandem mass spectra were searched by MASCOT (Matrix Science, London) against the Uniref100 protein database. The search parameters were set to: human, MS accuracy 5 ppm, MS/MS accuracy 0.5 Da, one missed cleavage by trypsin allowed and variable modification of propionamide modification of cysteine and oxidized methionine.
ELISA analysis. MICA concentrations in serum from pancreatic cancer patients and from healthy blood donors (13 and 10 individuals, respectively) were determined by using DuoSet ELISA (R&D systems Abington, UK) according to the manufacturer's instructions. among groups in MIC A/B western blotting protein expression. Mann-Whitney U test was used to compare serum MICA levels between pancreatic cancer patients and controls. A p<0.05 was considered statistically significant in two-tailed tests. All statistics were conducted by using SPSS 11.5.
Results
Tissue expression of MICA/B in pancreatic tumors. Pancreatic cancer specimens from 22 patients with primary adenocarcinomas (8 male and 14 female) with a mean age of 66±8 years (range 50-79 years) and six samples of normal pancreas from liver and/or kidney donors (4 male and 2 female) were analyzed for MICA/B expression by immunohistochemical staining (IHC) according to the above described protocols. The mean survival time of the cancer patients after surgery was 479±275 days (range 124-1,210 days). IHC staining with rabbit polyclonal anti-MICA/B revealed a strong specific dark brown signal of MICA/B expression present in 17 (77%) of 22 pancreatic adenocarcinomas. Specific staining was only observed in tumor cells but not in normal pancreatic tissue cells (Fig. 1A) . The negative control by rabbit IgG did not show any signal. Negative pancreatic adenocarcinomas were defined according to a lack of specific staining in tumor cells. More than half (69%) of the well differentiated tumor specimens (G1-G2) and all (100%) of the poorly differentiated tumor specimens (G3) showed positive staining for MICA/B (Fig. 1) .
Clinicopathological analyses indicated that expression of MICA/B was not related to patient gender, age or post-operative survival, tumor size, tumor differentiation or perineural invasion. However, statistical analysis confirmed that MICA/ B-negative tumors (23%) were associated with significantly lower mortality during postoperative follow-up (p=0.021), and lower incidence of regional lymph node metastases (p=0.003; Table II) .
Western blot analysis was performed on RIPA extracted homogenized pancreatic tissue in order to quantify tissue levels of MICA/B in normal (donor), non-tumor and tumor pancreatic tissue. The MICA/B antibody showed three bands with strong immunoreactivity. Optical density was analyzed for the band at ~38 kDA. A representative blot is shown in Fig. 2A . Visual inspection indicated that expression of MICA/B in the 38-kDa band was lower in normal pancreas tissue compared to tumor tissue ( Fig. 2A) . It was evident that protein levels of MICA/B were significantly higher in both poorly and well differentiated pancreatic tumor tissue when compared to nontumor pancreatic tissue (p<0.001 for both; Fig. 2B ). Poorly differentiated tumors (G3) had higher MICA/B expression than well differentiated tumors (G1-G2; p<0.05). No difference was found in MICA/B expression from normal pancreas from organ donors compared to 'next-to-cancer' non-tumor pancreatic tissue (pancreatic tissue obtained from resected specimens of cancer patients but containing no tumor).
The 38-kDa band of a Coomassie stained gel was subjected to masspectrometric analysis to verify the specificity of the MICA/B antibody since immune based analyses may be hampered by unspecific binding of antibodies. Protein fragments in the gel-band could be matched to the MICA/B protein sequence which supports that the immunoreactive 38-kDa band represents MCA/B (data not shown). in pancreatic cancer patients compared to blood donors. CRP levels were increased in 70% of the patient samples (mean 16±8 mg/l; normal values <5 mg/l). Concentrations of sMICA in serum from the cancer patients were normal, despite the well-recognized alterations in serum acute phase proteins. The mean serum concentration of sMICA in blood donors was 50±14 and 40±13 pg/ml in cancer patients. Thus, there was no inference between serum MICA and tumor stage.
Discussion
It has been reported that expression of MICA/B is increased in several types of malignancies (10), although studies examining MICA/B expression in pancreatic cancer are few, particularly in patients from European countries. In the present study we focused on MICA/B expression in pancreatic tumor tissue and found that in 17 of 22 (77%) of the tumor specimens MICA/B were detected by immunohistochemistry, while it was entirely absent in normal pancreatic duct epithelial cells. This agrees with the study of Xu et al, performed on North Americans who found MICA/B expressed in 17 of 25 (68%) tumor specimens (18) . In addition to this, a large Chinese study performed by Duan et al on 103 pancreatic ductal adenocarcinomas reported that MICA/B expression was observed in 92 of 103 patients (89%) (19) .
Tissue distributions of MICA in normal tissue is restricted to intestinal epithelial cells (20) , but the protein may be upregulated in various types of tumor cells of epithelial origin as well as in tumor cell lines, possibly due to physical stress (10, 21) . MICA functions as a ligand for the NKG2D receptor and may promote signals for lysis, by both NK cells and CD8 + T cells. The optical density of the 38 kDa band was measured and expressed in arbitrary units. Mean ± SEM was calculated for each group (B). A statistical comparison of the optical density among the groups showed that MICA/B expression in PDC was significantly higher than in WDC (p<0.05). MICA/B expression was significantly increased in both tumor groups compared to normal pancreatic tissue (p<0.001). Normal pancreas tissue (n=6) as well as non-tumor pancreas (n=4) are included in the NP group, (total n=10), (WDC, n=13) and (PDC, n=7).
In vitro studies have provided strong evidence that MICA is important for the susceptibility of target T cells to NK cells, CD8 cytotoxic T cells, and γδ T cells. Tumor cells that stably express NKG2D ligands at high level may be rejected by CD8 T cells and/or NK cells and mice immunized with NKG2/D ligand-transfected tumor cells were reported to develop adaptive immunity against re-challenge with the parental tumor cell lines (22, 23) . Accordingly, blocked interactions between MICA and NKG2D with antibodies inhibit NK and T cellmediated cytolysis (24) . It seems, however, rather contradictory that pancreatic tumors, associated with poor prognosis, should induce expression of MIC, which is assumed to make tumor cells more susceptible to immune attack and apoptosis. Studies on MICA/B expression in tumors demonstrate somewhat conflicting results. Increased expression of tumor MICA/B has been shown to correlate with both increased survival and improved prognosis in colorectal carcinomas (25) , while others have found opposite results in pancreatic cancers (19) . In the present study there was no significant difference in post-operative survival time between patients with MICA/B positive and negative tumors, but such calculations must be based on large number of patients, but significantly higher 3-year mortality in patients with MICA/B-positive tumors was found. Such discrepancies might be explained by the fact that MICA/B tumor expression was associated with regional lymph node involvement, since tumor spread to regional lymph nodes was significantly less frequent among patients with MIC-negative tumors.
It has been suggested that MICA/B expression is associated with poor prognosis, because MICA/B can be released from the tumor cells by proteolytic shedding, perhaps with final appearance of its soluble form in blood. This would help tumors to escape immune surveillance, since the release of sMICA/B and other NKG2D ligands has the ability to inhibit interaction of NK cells with the activating receptor, thereby, protecting the ligand expressing tumor cells from cytolysis (19, 26) . However, our present study showed normal levels of sMICA in serum from pancreatic cancer patients, confirmed by comparisons to healthy blood donors. Others have reported significantly elevated levels of MICA in serum from patients with pancreatic adenocarcinomas, without any correlation to tumor stage and survival (18) . However, Duan et al reported that mean survival time of pancreatic cancer patients, with low serum levels of MICA, was significantly longer than the mean survival time of patients with high levels (19) . Some studies have reported that elevated sMICA correlated significantly to tumor stage in pancreatic cancer patients and that sMICA levels dropped in serum from patients following tumor resection (26, 27) . However, sMIC levels in serum have been argued not to be specific enough as an individual prognostic tumor marker (26) , although, a recent study claimed that both sMICA and sMICB are potential biomarkers for pancreatic ductal adenocarcinoma, and that serum levels of sMICA correlated with distant metastases and sMICB with unresectability (28) . So far, there is no obvious reason for described inconsistence in observations among reported studies on sMICA. However, the definite relationships between MICA and pancreatic tumor progression must await further technical considerations, since we have observed variation between specificity and serum components among patient samples analyzed by the commercially available analysis kits. This may introduce particular hazards for samples with increased acute phase proteins, as often found to various extent in cancer patients. Another factor may be the fact that the highly glycosylated MIC molecule is among the most polymorphic mammalian MHC genes known (29) . MICA is highly polymorphic in transcellular and extracellular domains, resulting in several different MICA variants more or less common among different populations (30, 31) . Thus, different antibodies used in the ELISA might detect different forms of diverse MICA/B proteins since reported levels of MICA showed large variations even in healthy individuals (18, 32) . Recent studies in cultured cells imply that MICA/B shedding is far more complex than initially thought (33, 34) . Chitadze et al showed that shedding of MICA varied substantially among different epithelial cancer cell lines. Furthermore, they failed to detect sMICA from cells expressing the allelic variant MICA * 008; the most common allelic variant in Caucasian populations (35) .
Molecular mechanisms for increased expression of MICA/B in tumor cells are not known, but studies indicate that MAP kinase activation through BRAF gene mutation as well as STAT 3 transcriptional regulation may be involved (17, 36) . Observations have also supported suggestions that uric acid accumulation in DNA-damaged pancreatic cancer cells play an important role for induction of MICA/B expression (18) .
In conclusion, the present study confirms induced expression of MICA/B protein in pancreatic tumor cells, but without subsequent net appearance of MICA in serum despite the presence of well-recognized systemic inflammation in our pancreatic cancer patients as demonstrated by serum acute phase reactants. The expression in pancreatic cancer cells increased with loss of tumor differentiation and further disease progression. Our study implies that induction of MICAB tumor expression was associated with frequent tumor spread to the regional lymph nodes leading to increased 3-year mortality following surgical resection.
